A patient with mitral stenosis is reported who suffered from exertional cyanosis for the last eight years of his life. Radiologic examination of his chest demonstrated a diffuse pulmonary hemosiderosis, which was confirmed at autopsy. Physiologic studies in the last few weeks of life showed that the cyanosis was not due to impairment of oxygenation of the blood in the lungs but rather to slowed circulation, possibly augmented by local changes in the anatomy of the vessels of the skin.
T HE OCCURRENCE of cyanosis in patients with mitral stenosis has long been noted, and cyanosis of the lips, ears and cheeks, the "mitral facies," has been considered typical of that lesion. The subject has been reviewed by Cossio and Berkonsky,' who reported clinical and physiologic studies in 20 cases of mitral stenosis with cyanosis. In six of these patients they attributed the cyanosis to stasis of the circulation, as indicated by a high arteriovenous difference in the oxygen content of blood in peripheral arteries and veins. In 10 other patients they found both stasis and arterial oxygen unsaturation. In the remaining four patients the data did not explain the cyanosis but the authors postulated the presence of dilated venous capillaries in the skin. In no patient was arterial oxygen unsaturation the only cause of the cyanosis.
Conspicuous granular hemosiderosis of the lungs, an uncommon complication of mitral stenosis, is usually discovered radiographically and is sometimes confused with other causes of miliary densities or calcification in the lungs. Pendergrass, Lame and Ostrum2 were able to find only 17 cases with autopsy. Reports based on radiographic studies alone would increase this total.3' ' No report of pulmonary functioil or arterial oxygen saturation studies in such cases has been found. Cyaniosis has not This study was supported in l)art by a grant froin the 1\asonic Foundation for AMedical Research and Human Welfare. 868 been menltionled prominently in the case histories. This report presents a case of mitral stenosis with severe exertionlal cyanosis. Despite the roentgeniographic and pathologic findings of extensive pulmonary hemosiderosis, physiologic appraisal of cardiac and pulmonary function indicate that the cyanosis was chiefly a stasis phenomenon, rather than secondary to the anatomic changes in the lungs.
CASE REPORT
Clinical Data E. B., a 46 year old white accountant, first consulted one of us (C. W. G.) because of increasing dyspnea on exertion of three months duration. His past history included recurrent attacks of rheumatic fever between the ages of 12 and 15 years with sufficient recovery to play semiprofessional baseball without difficulty. Cyanosis on exertion had been present for eight years, and for several years he had limited his activity because of shortness of breath and fatigue. These were not bothersome complaints until about three months before he was first seen. He complained also of increasing fatigue, insomnia and slight ankle edema, of recent development.
He was strikingly cyanotic after the slightest exertion, but after a few minutes rest in a warm room his color returned to normal. The cyanosis involved lips, nail beds, ears, cheek and trunk particularly. The other important physical findings included a totally irregular heart with a loud, blowing apical systolic murmur, accompanied by a split first sound.
The second sound in the pulmonary area was accentuaited. A diastolic murmur at the apex was audible (listinctlyat times, but at other times no diastolic murmur could he heard. The liver was enlarged 8 cm. below the costal margin but was not tender. There was slight ankle edema. The lungs were normal on physical examination. Routine laboratory findings were not remarkable except for a Circulation, Volumc VI, De(,( mb( r 19,52 terminal urinalysis which showed albumin and microscopic red and white blood cells, and the electrocardiogram which showed auricular fibrillation and right ventricular preponderance. X raY examination revealed the cardiac shadow to be considerably enlarged ( fig. 1 ). The left auricle, pulmonary artery and right ventricle were enlarged, and the vascular markings were increased in the hilar areas bilaterally. In addition, the lung fields showed diffuse, small, evenly distributed nodulations ( fig. 2) , and a few irregular pea-sized areas of calcification scattered over the lower lung fields. It was felt that the cardiac silhouette was quite tylpical of mitral stenosis and that the pulmonary changes were those of nodular hemosiderosis. Under observation his dyspnea and fatigability progressed rapidly although, disregarding advice, he continued to work for five months. Two weeks before he died he was persuaded to enter the hospital briefly for diagnostic studies, including cardiac catheterization. He remained thereafter at rest at home until 24 hours before death when he was readmitted because of increasing dyspnea and ankle edema, insomnia and fatigability. His lungs remained clear on auscultation until the time of death.
Physiologic Data
During the last month of his life this patient's cardiopulmonary function was studied using the proce(lures of Baldwin, Cournand and Richards6 and by cardiac catheterization. Blood pressures were recorded by a Hathaway blood pressure recording system. 7 The results appear in table 1. Vital capacity and maximal breathing capacity were reduced to 70 and 55 per cent of normal, respectively. Hyperventilation was present at rest and was prolonged during the period of recovery after the standard exercise to such an extent that ventilation was still increasing at the end of the fourth minute. The oxygen consumption was normal at rest but failed to increase normally during the standard exercise. The rate of oxygen removal from each liter of ventilation was low at rest and fell even lower during exercise. The arterial oxygen saturation was slightly below normal at rest and after exercise rose to normal. The pulse rate rose so that an accurate count was not obtained but was still 160 at the sixth minute of recovery. Dyspnea persisted for 10 min- utes. The pressures in the pulmonary artery and the right ventricle revealed hypertension of the pulmonary vascular system and also an elevated diastolic pressure in the right ventricle, indicative of right heart failure. The arteriovenous difference in blood oxygen content was increased to more than twice the normal value. Cardiac output and stroke volume were greatly reduced. Pathology Post-mortem examination was performed five hours after death. (Buffalo General Hospital autopsy number 7082.)
The noteworthy findings included marked cyanosis about the face, neck and upper chest, ears, lips and fingernails. Each pleural cavity contained 150 cc. of clear straw-colored fluid. The lungs appeared fairly well expanded and had the characteristic color and consistency of "brown induration" The auricular appendage .also contained thrombi.
The mitral ostium was severely stenosed and had a typical fishmouth al)lpearance. Both cusps were firm ancl in(listinguishablv fused to each other wvith their edges (liffusely thickened an(l fibrotic. No vegetations were lresent. The circumfeienice of the initial ring wvas 4.1 cm. The alortic valve measured 6.6 cm. in circunmference and revealed a slight (legree of calcific stenosis. The left and the l)osterior semiiluniar leaflets were adherent to each other. The aiverage thickness of the iight ventricle measuriied at the )ulifolaiy Co(IUS wa .1s 0.6 cm, and that of the left measured at the .anterior wa was 1.5 Cm. There was moderate arteriosclerosis of the coronary arteries with little or no narrowing of their lumina. The abdominal cavity contained 1500 cc. of ascitic fluid. The liver weighed 1300 Gm. It was firm and on section showed the nutmeg appearance of chronic passive congestion. The spleen was enlarged, firm, weighed 340 Gm. and appeared congested. At the root of the mesentery at an area supplying the midportion of the ileum a partially calcified tuberculous node was found, but there were no mucosal scars.
Postmortem roentgen photogram of the right lung shows very clearly the uniform finely granular, whitish shadows as well as a few small calcified nodular osteomas (fig. 3 ). The photogram of the left lung is of identical appearance.
Upon microscopic examination the most impressive features were the nodular focal deposits of granular hemosiderin which were found in abnormal amounts scattered throughout the lungs, both intraalveolar and interstitial in position ( fig. 4 ). These hemosiderin deposits were predominantly intra-alveolar, however, expanding the alveolar walls and moderately compressing the surrounding alveoli. Many subpleural deposits of hemosiderin were noted. In addition, there was a diffuse spread of hemosiderin-laden cells in groups of two or three throughout the lung. In specific stains for iron pigment (Prussian blue) these focal deposits were strongly positive. A bluish imbibition of the stroma about the hemosiderotic areas was noted.
Cuboidal endothelium (occasionally referred to as alveolar epithelium) was noted lining many alveoli ( fig. 5 ). It was similar to that frequently found associated with partial atelectasis or chronic pneumo-nitis. The interstitial tissue was fairly prominent and in areas showed hyaline degeneration, the septa of the hemosiderin-laden alveoli being especially involved. A small amount of calcification was occasionally noted in the septal fibers and even in the walls of the dilated veins. The characteristic dilatation and tortuosity of chronic passive congestion were seen in the alveolar capillaries. Thrombi were found in some capillaries and in a few small caliber branches of the pulmonary artery. There were no infarct-like hemorrhages. Interstitial hemorrhages surrounding small pulmonary veins were occasionally seen, however. 
DISCUSSION
The minimal arterial oxygen unsaturation at rest and the normal arterial oxygen saturation after exercise indicate that failure of oxygenation of blood in the lungs plays essentially no part in the development of this patient's cyanosis. The slow blood flow, on the other hand, is perfectly adequate to account for cyanosis which might have been expected even at rest.
Hickam and Cargillt have studied the response to exercise of failing hearts whose output could not be increased. They found that a disproportionate increase of the arteriovenous differ-ence in blood oxygen content is typical. Although this subject's cardiac output was not measured during exercise, it almost certainly would not increase in proportion to the demand for blood flow. With the increased tissue demands for oxygen his arteriovenous oxygen difference increases. The mean capillary oxygen saturation thus falls, and the increased amount of reduced hemoglobin in the capillaries accounts for his cyanosis.
If the cyanosis is due to a limitation of blood flow, it does not seem likely that this limitation of flow has been on the basis of myocardial insufficiency for the eight yeai's preceding death. Had myocardial failure been present all that time, one might have anticipated more of the other signs of myocardial failure and a more rapid progression. An alternative explanation is that an adequate increase of blood flow during exercise was prevented by the extremely small mitral orifice. At the time of the funiction studies, congestive failure, of course, was present.
One further point in relation to the cyanosis needs emphasis. Lundsgaard and Van Slyke9 found that particularly in the presence of venous stasis the number, length and width of superficial blood-filled capillaries increased and contributed to the cyanosis. In the present patient in the areas of most pronounced cyanosis over the malar regions and over the ears, small distended venules were apparent on close observation and may have contributed to the cyanosis.
Although the radiologic and pathologic picture of hemosiderosis is a striking one in this patient it apparently had a relatively minor adverse effect on pulmonary function. The arterial oxygen situration was only slightly reduced at rest, so that the patient was apparently able to compensate for the unfavorable factors revealed by the microscope. This was done only by great hyperventilation and the compensation was not complete. Ini the face of such severe cardiac dysfunction with pulmonary congestion it is difficult to assay the degree of purely pulmonary disability, and abnormal findings must be interpreted with caution. MIany of the abnormalities in, this patient point to pulmonary congestion. The spiro-gram shows slowing of inspiration and expiration of about equal degree, as is seen in patients with diminished pulmonary elasticity. The limitation of vital capacity and maximal breathing capacity are of a moderate degree quite consistent with pulmonary congestion present. rThe low oxygen consumption during the minute of exercise, not associated with arterial oxygen unsaturation, the extreme and persistent tachycardia, and the 10-minute duration of dyspnea are all indications of cardiac disease primarily rather than of intrinsic pulmonary disease. Cardiac disease with pulmonary congestion has been observed to pioduce similar impairment of performance of these tests. The relative importance of the pulmonary congestion secondary to mitral stenosis and of the hemosiderosis of the lung in the alteration of pulmonary function is impossible to assess. The benign nature of hemosiderosis so far as clinical involvement of lung function is concerned has been pointed out before.2' Parker and Weiss10 have described the changes which occur in the capillaries of the lungs secondary to severe long-standing mitral stenosis. Some of these changes were observed in the present patient, with tortuosity and dilatation of the vessels, and thickening and fibrosis of the adjacent stroma. Occasional septa showed hyalinization and occasional capillary thrombi were seen. These changes are presumably due to the high pulmonary venous and capillary hydrostatic pressure and the slow pulmonary blood flow.
Extravasation of blood into the alveoli is consistently seen in chronic passive congestion of the lungs with the liberation of blood pigments which then are phagocytized by macrophages, producing the so-called "heart failure cell." But ordinarily these cells are diffusely scattered singly or in small groups throughout the lungs and produce no roentgenologic changes. Scott, Park and Lendrum11 contrast with this usual picture the lesions of pulmonary hemosiderosis which they suggest are the late results of hemorrhage into a terminal air passage. They illustrate by postmortem x-rays the finding of focal hemosiderin in a single portion of the lung. Bronchial vein varicosities have been suggested as the source of such hemorrhage,12 but since in this patient many of the hemosiderin deposits were subpleural in location, where the bronchial circulation is ordinarily lacking, the pulmonary vessels seem a more likely source. With longstanding pulmonary hypertension and capillary dilatation diapedesis of red cells may occur into the alveolar spaces and into the interstitial tissue. Whether the extent of this hidden bleeding is associated with the duration and degree of the pulmonary hypertension is an open question. The rarity of the focal changes suggests that some other unknown factor may also be in operation.
Disseminated nontuberculous ossification of the lungs has been reviewed by Wells and Dunlap,'3 and the pathogenesis of these lesions has been outlined by Terplan'4 on the basis of thrombi in the capillaries of the alveolar walls. Such thrombi in capillaries were observed in the present patient. Elkeles and Glynn15 postulate a specific rheumatic pneumonia rather than long-standing passive congestion as the origin of such ossification. The association of these bony lesions with mitral stenosis is well known.
On the other hand, they have been observed also in congestive heart failure from nephrosclerosis.'6 Association with hemosiderosis has not been stressed previously and is perhaps fortuitous. SUMMARY A case of mitral stenosis with long-standing exertional cyanosis and a striking radiologic and pathologic picture of pulmonary hemosiderosis is reported. The cyanosis was demonstrated to be due primarily to stasis of the circulation and not the result of poor gas exchange in the lungs.
